Objective: To analyze the clinical and sonographic variables that predicts the success of labor induction.
Introduction
Labor induction is one of the most common interventions in term pregnancies. 1 Between 5 and 30% of pregnancies end with induction. 2 Successful induction has been defined as vaginal delivery within 24 h of induction, 3, 4 although some have simply used vaginal delivery at anytime after induction as a definition. 2, 4, 5 The traditional method of predicting whether labor induction will result in successful vaginal delivery is based on the preinduction 'favorability' of the cervix as assessed by the Bishop score. However, this assessment is subjective with little reproducibility. 6 It is important to know that cervical evaluation by Bishop score has been utilized, in the past few years, to validate the prognosis of inductions; however, this method suffers from subjectivity. 6 Recently, several previous studies have analyzed the cervical length, by vaginal sonography, as a variable that predicts the success of induction. 4, 5, [7] [8] [9] [10] Some recent studies compare the Bishop score with vaginal sonographically cervical length, but we have not found any publication with an integrated analysis of the different variables that could have an influence on the success of inductions.
The aim of this study is to evaluate the different clinical and sonographic variables that influence the success of labor induction. Further, we sought to integration all the variables into flow charts, to facilitate its clinical applicability. We also determined the reproducibility of the measurement of the cervical length by vaginal sonography.
Materials and methods
In all, 196 pregnant women admitted for labor induction in the Department of Gynecology and Obstetrics at Santa Cristina University Hospital, Madrid, were studied. The patients were recruited in consecutive form between January 2002 and June 2003. They all gave their consent to participate in the study and the study design was approved by the ethics committee of the hospital. The inclusion criteria were as follows: live, singleton gestation in the cephalic presentation between a gestational age of 37-42 weeks. All women included had intact membranes. Patients with previous uterine scars, active vaginal bleeding or any other contraindication for vaginal delivery were excluded.
The primary outcome examined was vaginal delivery within 24 h. The predictor variables examined were: Bishop score, transvaginal sonographically cervical length, parity (nulliparous/ multiparous), the biparietal diameter (BPD), maternal age, estimated fetal weight and previous miscarriages. The cervical measurements were performed by two experienced sonographers, three measures were obtained using the shortest in the analysis.
Transvaginal sonography was performed with a logic 500 General Electric machine, equipped with a 6.5 MHz vaginal probe; we utilized the technique described by Colombo. 11 A senior resident performed the cervical examination without knowing the results of the sonography.
To validate the intra and interobserver correlation, we performed a measurement of the cervical length on 20 patients, all measurements were taken first by one observer and then by the other. The investigators were not present during each examinations, and were kept unaware of each result until after the completion of the study. Intraobserver repeatability was performed repeating the measurements in 15 min.
In the further analysis of data, the women who delivered via cesarean delivery for non-reassuring fetal status within 24 h were excluded, because, as the primary outcome measure was vaginal delivery within 24 h, such deliveries were considered to be censored at the time of the cesarean and therefore the hypothesis that cervical length or Bishop score would predict the outcome of induction of labor could not be tested.
The induction of labor was performed according to the guidelines of our hospital. Patients with an unfavorable cervix (Bishop score<7) received Dinoprostone gel (Prepidil gel (0.5 mg/2.5 ml), Pharmacia & Upjohn, Kalamozoo, MI, USA), 0.5 mg intracervical, repeating the dose every 6 h until a maximum of four doses if necessary, depending on Bishop score. Patients with a score of 7 or more had artificial rupture of the membranes. Oxytocin augmentation was started in cases with unsatisfactory progress of labor or following amniotomy. Continuous monitoring of fetal heart and uterine contractions was registered in every case.
Statistical analysis
The percentage of each qualitative variable and the mean, s.d., minimum, maximum for the quantitative variables and P25-P75 for non-normally distributed variables were measured. T-test was used for Continuous variables and Mann-Whitney test for non-normally distributed. Intraobserver and interobserver reproducibility was performed using the intraclass correlation coefficient. 12, 13 Stepwise, backwards, logistic regression was utilized to validate the influence of the two principle variables (Bishop score and vaginal sonographic cervical length) in the success of the induction and to validate the variables that predict any vaginal delivery. The influence of other variables as parity, BPD, maternal age, estimated fetal weight and previous miscarriages were also analyzed. The results were expressed as odds ratio (OR) with a 95% confidential interval (CI). A P<0.05 was considered significant. We used the statistical program SPSS, 11.0 version for Windows (SPSS Inc., Chicago, IL, USA). To analyze the success of induction, we used the program ANSWER TREE version 3.1 (SPSS Inc., [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] to perform a segmentation analysis with the aim to create decision rules (in function to the values of h 2 ). 14 We obtained the strength of correlation of each variable in the logistic regression.
Results Table 1 shows the distribution of the maternal age, as well as transvaginal cervical length, the BPD and the newborn weight. Patients (169 (86%)) did not have any clinically relevant antecedent and 161 (82%) had no miscarriage. In Table 2 , we show the rate of induction success by the different demographics.
The indications for labor induction are shown in Table 3 , prolonged pregnancy beyond 41 weeks of gestation was the most common indication 54.6% (n ¼ 107). Vaginal delivery occurred in 144 (73.5%) of the inductions, 26.5% (n ¼ 52) delivered by cesarean. The most frequent indication for cesarean delivery was induction failure, occurring in 34% (n ¼ 16) of inductions, 28.9% (n ¼ 14) non-reassuring fetal monitoring, 17% (n ¼ 8), pelvic disproportion, 14.9% (n ¼ 7) failure to progress, 2.1% (n ¼ 1) fetal request and 2.1% others. Table 4 shows the rate of success by indications. Concerning the total duration of the labor induction, 134 (68.4%) ended in <24 h. Women (106 (59.5%)) delivered vaginally within 24 h of induction, therefore, the induction failed in 40.5% of the patients. We did not have other obstetric outcomes of interest, such as chorioamnionitis or postpartum hemorrhage.
Intraobserver agreement between cervical length measurements was 0.96 (0.91-0.98, CI 95%) and the interobserver correlation was 0.92 (0.82-0.96, CI 95%). To analyze the relationship of success of induction with the cervical length, we obtained an OR of 1.063 (1.020-1.109, CI 95%) and 0.745 (0.634-0.877, CI 95%) with Bishop score (Table 3) . After the multivariate analysis, in the (Table 3) . Table 4 shows the logistic regression for any vaginal delivery.
Based on the results of the logistic regression, we performed a segmentation analysis to obtain applicable flow charts in the clinic. The classification and regression tree analysis is a decision tree methodology that has the ability to efficiently segment populations into meaningful subgroups, whose members share similar characteristics that help determine participation in the healthrelated behavior as a basis for targeted interventions. As we described in previous publications, 15 we obtained different cutoff points, that best predict the success of labor induction, for cervical length, Bishop Score and parity. Integrating the significant variables of logistic regression, we obtain a flow chart (Figure 1) , where we can know the prognosis of induction for each patient, following its placement in the flow chart.
Discussion
Data reported in the literature are divergent regarding the definition of successful inductions, 6, 5, [7] [8] [9] so it is difficult to compare different published studies concerning the prediction of labor induction. We considered, as well as Pandis and Rane, 4, 12 the success of labor induction as vaginal delivery within 24 h. a n: number.
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The rate of induction failure in our study was higher (40.45%) than data published by Rane et al. 12 However, the main difference, that could explain these different results, is the number of multiparous 25 vs 46.7% and we have seen that this characteristic has a strong influence on the prognosis of induction. In fact, our study suggests that parity is the best predictor of labor induction, these results are in agreement with those found in literature. 7, 9, 16 We found that both the Bishop score and the transvaginal sonographic measurement of cervical length are significant predictors of induction success. Pandis (2001) 4 also reported this association.
Chandra and Ware established successful inductions like those that ended in vaginal delivery, without defining in what time interval it takes place. 7,9 Chandra et al. 7 found a lineal relationship between the cervical length and the Bishop score with induction-todelivery interval (P<0.001 and <0.001), but when the multiple regression analysis is performed including parity, the Bishop score, the cervical length and the inductor agent, it is concluded that only cervical length and parity are independent predictors in the mode of delivery (P<0.005). 7 Chandra et al. 9 consider, as primary outcome, a successful induction (defined as those that end in a vaginal delivery) and only finding a significant relationship with the Bishop score (OR ¼ 2.98, P ¼ 0.001). They analyzed, as well, the relationship of different variables with a vaginal delivery in <24 h, finding only a significant association with parity (OR ¼ 7.10, P ¼ 0.009) and cervical effacement (OR ¼ 2.7, P ¼ 0.09).
Gabriel
17 studied, as principal result, the mode of delivery, vaginal or cesarean. Conclude that cervical length predict the mode of delivery in women with Bishop score <5 (P ¼ 0.006).
Probably, these different findings in literature could be motivated by the multiple definitions of success of induction and the different methods of induction. The important advantage of the transvaginal sonographic measurement of cervical length is its reproducibility. In our data, we obtained strong coefficients of intra and interobserver correlation, the same as Valentin and Burger, 18, 19 it is demonstrated that these agreements increase with training. 20 However, the Bishop score suffers from great subjectivity and its reproducibility is minor. 6 In any case, the Bishop score is inherent to the induction and should remain in our practice.
In reviewed studies, we have only found comparative predictive capacity of the Bishop score and cervical length, none of them has assembled the different variables.
This study proposes the integrating of all the variables influence in the labor induction into flow charts. Something new and never published before, useful for the clinical practice. We assume the mistakes obtained from the classification and regression tree, as we move forward along the flow chart the sample size decreases, and in some contradictory results may arise. That is the case of multiparous with larger cervical length where, contradictory, we obtained that labor induction will be successful in an 88% of the cases, quite above groups with a shorter cervix.
Reviewing Figure 1 , before a labor induction, we could know in which situation we would find each patient and establish the induction prognosis. Successful 100 % n=6 Unsuccessful 0 % n=0
< 27
27-32 > 32
Successful 50 % n=4 Unsuccessful 50% n=4
Successful 88 % n=8 Unsuccessful 11 % n=1 Figure 1 Analysis if decision according to the best statistical sequence.
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